Our recent study demonstrated that an amyloid-β binding molecule, BTA-EG4, increases dendritic spine number via Ras-mediated signaling. To potentially optimize the potency of the BTA compounds, we synthesized and evaluated an amyloid-β binding analog of BTA-EG4 with increased solubility in aqueous solution, BTA-EG6. We initially examined the effects of BTA-EG6 on dendritic spine formation and found that BTA-EG6-treated primary hippocampal neurons had significantly increased dendritic spine number compared to control treatment. In addition, BTA-EG6 significantly increased the surface level of AMPA receptors. Upon investigation into the molecular mechanism by which BTA-EG6 promotes dendritic spine formation, we found that BTA-EG6 may exert its effects on spinogenesis via RasGRF1-ERK signaling, with potential involvement of other spinogenesis-related proteins such as Cdc42 and CDK5. Taken together, our data suggest that BTA-EG6 boosts spine and synapse number, which may have a beneficial effect of enhancing neuronal and synaptic function in the normal healthy brain.
Alzheimer's Disease (AD) is a progressive neurodegenerative disease, characterized by deposition of amyloid-β (Aβ) plaques and neurofibrillary tangles of Tau protein [1] [2] [3] . Several recent studies have demonstrated that Aβ plaques decrease dendritic spine density and synapse number as well as impair learning and memory [4] [5] [6] . Interestingly, Tau also affects dendritic spine number [7, 8] . For instance, the acceleration of Tau pathology results in the synaptic and neuronal loss in a transgenic (Tg) mouse model of AD. Additionally, the overexpression of Tau has been shown to increase spine density, whereas Tau mutants have reduced dendritic spine density [9] . Therefore, either blocking/neutralizing Aβ toxicity or enhancing the expression of Tau may be potential therapeutic targets for AD by enhancing synaptic function.
Our previous studies have shown that a member of the benzothiazole aniline (BTA) class of compounds, specifically BTA-EG4, affects normal synaptic function by increasing dendritic spine number through Ras-dependent mechanisms [10] . Additionally, we found that BTA-EG4 ameliorates dendritic spine formation deficits in 3xTg AD mice 2 weeks after injection and increases Ras activity [11] .
In the present study, we examined another BTA analog that can bind to Aβ [12] [13] [14] , BTA-EG6, containing a hexa (ethylene glycol) watersolubilizing group to enhance solubility in aqueous solutions compared to BTA-EG4. We initially examined whether BTA-EG6 can affect dendritic spine formation and synaptic function in vitro. We found that BTA-EG6 significantly increased dendritic spine number, as well as puncta numbers of synaptophysin and postsynaptic (PSD)-95.
In addition, we found that BTA-EG6 significantly increased the cell surface levels of GluA1 and GluA2. BTA-EG6 was able to alter the levels of Ras signaling proteins, including Ras guanine nucleotide releasing factor1 (RasGRF1), extracellular signal-regulated kinase (ERK), and cAMP responsive element binding protein (CREB). Also, we found that the transfection with RasGRF1 shRNA and RasN17 (inactive Ras mutant) inhibited the effects of BTA-EG6 on dendritic spine formation. Moreover, we found that BTA-EG6 increased the puncta number of calcium/calmodulin-dependent protein kinase II α (CaMKIIα), but not CaMKIIβ. However, BTA-EG6 did not alter the levels of Rap signaling proteins, which are implicated in dendritic spine retardation. Taken together, these results suggest that BTA-EG6 affects dendritic spine formation in vitro in a Ras-but not Rap-dependent manner.
Materials and methods

Synthesis of BTA-EG6
BTA-EG6 was prepared as previously described [13, 15, 16] . Briefly, a flame-dried flask was charged with 1-Iodo-3,6,9,12,15-pentaoxaheptadecanol (0.18 g, 0.45 mmol), 2-(p-aminophenyl)-6-methyl-benzothiazole (0.09 g, 0.38 mmol), and potassium carbonate (0.39 g, 2.8 mmol) in dry acetone (4 mL) under reflux conditions for 3 days. The acetone was removed and the residue was taken up into dichloromethane, and separated from an insoluble precipitate (presumably excess potassium carbonate and potassium iodide). After the precipitate was removed by filtration, the solution was washed with brine, dried over sodium sulfate, and the solvent was removed under reduced pressure. The residue was purified via flash chromatography using 4% methanol in ethylacetate as the eluent to yield a yellow oil (isolated yield was 28% 
Saturation shake-flask solubility method
To determine the difference in solubility between BTA-EG4 and BTA-EG6, a standard saturation shake-flask solubility method was performed with noted changes [17] . Briefly,~5-10 mg of each compound was added into 5 mL of PBS (pH 7.4) and was shaken vigorously for 24 h at room temperature. After equilibrium was reached, the remaining un-dissolved compound was removed by centrifugation. The concentration of dissolved compound was then determined by measuring the UV-Vis absorbance at 355 nm (i.e., λ max for both compounds). Dilutions in PBS were necessary for BTA-EG6 in order to obtain absorbance values under 1 absorbance unit, which facilitates precision in the measurement. No dilutions were necessary for BTA-EG4 due to its poor solubility in PBS. Concentrations were then determined by comparison to calibration curves for each respective compound. Data were presented as mean ± SD, n = 3.
Primary neuron culture, transfection and immunostaining
Primary hippocampal neurons (E19 Sprague-Dawley rats) were cultured at 150 cells/mm 2 as described previously [18] . To measure dendritic spine number, primary hippocampal neurons were transfected with green fluorescent protein (pEGFP, Clontech) and treated with BTA-EG6 or vehicle (0.05% DMSO) for 24 h, and dendritic spine number was measured. To measure the effects of BTA-EG6 on excitatory synapse number, primary hippocampal neurons were transfected with GFP and immunostained with anti-synaptophysin and anti-PSD-95. Primary hippocampal neurons were transfected using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) with pEGFP and pLL3.7, pEGFP and RasGRF1 shRNA, pEGFP and HA vector or pEGFP and RasN17 and treated with BTA-EG6 (5 μM) or vehicle (0.05% DMSO) to determine the effect of BTA-EG6 on dendritic spine formation via Ras signaling dependent manner. RasGRF1-shRNA (5′-GCGCAATCTTCCGACTCAA-3′) was inserted into the pLL3.7 vector that simultaneously expresses RNAiinducing shRNA and GFP under the U6 and CMV promoters, respectively [19, 20] . The empty pLL3.7 vector was used as a negative control for the RasGRF1 shRNA.
After 24 h, we used the following antibodies: anti-GFP (Novus Biologicals), anti-GFP (Invitrogen), synaptophysin (Sigma), anti-PSD-95 (NeuroMabs, Davis, CA, USA), anti-GluA1 (Calbiochem), anti-GluA2 (BD Pharmagen), anti-GluN1 (Neuromab), anti-GluN2A (Neuromab), anti-GluN2B (Neuromab), anti-RasGRF1 (Santa Cruz; BD Biosciences), anti-p-ERK (Invitrogen), anti-ERK (Cell Signaling), anti-p-CREB (Millipore), anti-CREB (Cell Signaling), anti-CaMKIIα (Abcam), anti-CaMKIIβ (Abcam), anti-p-JNK (Cell signaling), anti-JNK (Cell signaling), anti-p38 (Cell signaling), anti-SPAR (generous gift from Daniel Pak at Georgetown University), anti-Cdc42 (Abcam), anti-PKC (Abcam), anti-CDK5 (Abcam), anti-Shank (Neuromab), and anti-SynCAM (Neuromab). Cultured primary hippocampal neurons were imaged using a LSM 510 laser scanning confocal microscope (Zeiss). Image analyses were performed using MetaMorph software to measure the average puncta number along the dendritic segments (Universal Imaging Corporation, Downington, PA, USA). We used Image J software to measure the average levels of proteins along the dendrite processes.
Cell surface biotinylation and Western blot
The cell surface biotinylation was conducted as previously described [21] . Briefly, cell surface proteins were biotinylated, isolated with avidin beads (Thermo Fischer Scientific, Waltham, MA, USA), and Western blotted. Total protein and Western blot were conducted as described previously [20] . We used the following antibodies: anti-GluA1, Anti-GluA2, anti-RasGRF1, anti-p-ERK(Invitrogen), anti-ERK (Cell Signaling), antip-CREB (Millipore), anti-CREB (Cell Signaling), anti-CaMKIIα (Abcam), anti-p-JNK (Cell signaling), anti-JNK (Cell signaling), and β-actin (Santa Cruz). Image analyses were performed using Image Gauge V4.0 and MetaMorph software to measure the average levels of band expression.
Image analyses
Quantification was performed blind and dendritic spines were defined according to standard morphological classification (protrusions 0.2-2 μm in length with or without a head and neck). Dendritic spine number was counted on secondary or tertiary dendritic branches using Scion Image software (Scion Corporation). Thresholding was performed at twice the background level and differences in GFP signal intensity were accounted for by selecting cells with similar levels of somatic GFP signal intensity (i.e. similar expression level). We excluded protrusions morphologically similar to filopodia. To measure the puncta numbers of synaptophysin and PSD-95, we examined secondary or tertiary dendritic segments (20 μm length beginning 10 μm from soma) and counted puncta using MetaMorph software (Molecular Devices). Measurement of puncta number was performed by manually counting and tracing each individual cluster along neuronal processes. Analysis and selection conditions were kept constant for all images within experiments.
Live cell surface immunostaining
To measure cell surface levels of GluA1 and GluA2, we conducted live cell surface staining [22] . Briefly, live primary hippocampal neurons were incubated with N-terminal recognized GluA1 or GluA2 antibodies (10 μg/mL in conditioned medium) for 10 min, and then fixed in 4% paraformaldehyde (non-permeabilizing conditions) for 5 min. After 5 min, primary hippocampal neurons were washed with 1× PBS for 3 times. After washing, Surface-labeled GluA1 or GluA2 were detected with Alexa fluor-555 (red color) secondary antibodies. Then the primary hippocampal cells were permeabilized in methanol (−20°C, 90 s), and incubated with anti-GFP antibody.
Statistical analyses
All data analysis were performed using Graphpad Prism 5 software via either a 2-tailed t-test or ANOVA with Tukey's post-hoc test for multiple comparisons, with significance determined at p b 0.05.
Results
Development and synthesis of BTA-EG4 analog BTA-EG6
Solubility is an important parameter to achieve the desired concentrations of a drug in circulation for the anticipated pharmocological response. Unfortunately, BTA-EG4 has low solubility and can precipitate from solution, suggesting that it may not reach its target at a consistent and intended dose. To potentially optimize the potency of BTA-EG4, we synthesized and evaluated a BTA-EG4-analog with increased solubility in aqueous solution, BTA-EG6. To determine the difference in solubility between BTA-EG4 and BTA-EG6 , we performed the saturation shakeflask solubility method [17] . We found that BTA-EG4 was visibly less soluble in PBS solution than BTA-EG6 (data not shown), and quantification revealed the solubility of BTA-EG6 was increased by two orders of magnitude over BTA-EG4 (Table 1) .
BTA-EG6 increases dendritic spine number in vitro
We have previously demonstrated that BTA-EG4 promotes dendritic spine formation [10, 11] . To examine the effects of BTA-EG6 on dendritic spine formation, primary hippocampal neurons were transfected with GFP and treated with either BTA-EG6 (1 or 5 μM) or vehicle at day in vitro (DIV) 14 (which is the peak of synaptogenesis) and DIV21 (representing mature hippocampal neurons). After 24 h, spine densities were measured using Scion Image analysis. Interestingly, we found that 5 μM treatment of BTA-EG6 significantly increased dendritic spine number compared to both control and 1 μM treatment at DIV14 (Fig. 1A-B) . Additionally, at DIV21, BTA-EG6 treatment significantly increased the dendritic spine number at both concentrations compared to the vehicle treatment (Fig. 1C-D) . These results suggest that BTA-EG6 can increase dendritic spine number at both developmental and mature stages in primary hippocampal neurons.
BTA-EG6 increases the number of excitatory synapses in primary hippocampal neurons
To examine whether BTA-EG6 has an effect on excitatory synapse number, primary hippocampal neurons at DIV14 and DIV21 were transfected with GFP and treated with BTA-EG6 (5 μM) or vehicle for 24 h. After 24 h, cells were immunostained with synaptophysin (presynaptic marker) and PSD-95 (postsynaptic marker). We found that BTA-EG6-treated primary hippocampal neurons at DIV14 showed an increased puncta numbers of both synaptophysin and PSD-95 ( Fig. 2A-D) . Additionally, we observed that BTA-EG6-treated primary hippocampal neurons at DIV21 exhibited a significant increase in the puncta number of synaptophysin and PSD-95 (Fig. 2E-H) . These results suggest that BTA-EG6 may promote synapse formation in primary hippocampal neurons.
BTA-EG6 increases the cell surface levels of GluA1 and GluA2
Our recent study has shown that BTA-EG4 increases the number of functional excitatory synapses [11] , which consist of N-methyl-D-aspartate (NMDA) receptors and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors [23, 24] . To examine the effects of BTA-EG6 on the levels of NMDA receptor subunits GluN1, GluN2A, and GluN2B, primary hippocampal neurons were transfected with GFP (DIV19) and treated with either BTA-EG6 (5 μM) or vehicle for 24 h. After 24 h, we conducted immunostaining with GluN1, GluN2A, or GluN2B antibodies, and measured the total level of NMDA receptors using Scion Image analysis. We confirmed that the treatment with BTA-EG6 does not affect the expression level of GluN1, GluN2A, or GluN2B receptors compared to the treatment with the vehicle (Fig. 3A-F) . Because the level of GluN1, GluN2A, or GluN2B receptors is shown no significant change by BTA-EG6, we did not confirm the cell surface level of NMDA receptors.
In contrast, after an identical treatment protocol, we conducted live cell surface immunostaining using N-terminal-recognized GluA1 or GluA2 antibodies, and measured the cell surface level of GluA1 or GluA2 receptors. We found that BTA-EG6 significantly increased the cell surface level of GluA1 and GluA2 receptors (Fig. 3G-J) assayed by live cell surface immunostaining. In addition, we conducted cell surface biotinylation by treating BTA-EG6 or vehicle in primary cortical neurons and found that BTA-EG6 increased cell surface levels of GluA1 and GluA2 (Fig. 3K-N) . This result suggests that BTA-EG6 may affect AMPA receptor trafficking.
High surface levels of AMPA receptors have been shown to be able to induce dendritic spine growth [25] . Thus, our results further suggest that BTA-EG6 may improve spine growth. This is consistent with our previous findings with BTA-EG4, where it was implied that creating new synapses may be beneficial by allowing more synaptic contact points, not by enhancing long-term potentiation (LTP) at individual synapses [10] .
BTA-EG6 increases spinogenesis through Ras signaling pathway
Upon establishing the foundation that BTA-EG6 increases dendritic spine formation, we further investigated into the molecular mechanism underlying this phenomenon. Ras is a well-studied GTPase that is known to be involved in neurodegenerative diseases as well as dendritic spine formation [26] . Furthermore, our recent work demonstrated that BTA-EG4 alters synapse formation via Ras signaling [10] . Thus, we hypothesized that the underpinning molecular mechanism of BTA-EG6's effects on dendritic spine formation involves Ras signaling.
To examine the involvement of Ras signaling in the effects of BTA-EG6, primary hippocampal neurons were transfected with GFP (DIV19), treated with BTA-EG6 (5 μM) or vehicle for 24 h, and immunostained for RasGRF1, a guanine nucleotide exchange factor involved in Ras activation. When treated with BTA-EG6, the level of RasGRF1 increased significantly compared to control (Fig. 4A-B) . We also investigated whether BTA-EG6 alters p-ERK and p-CREB, downstream Ras signaling proteins. When treated with BTA-EG6, both p-ERK and p-CREB levels increased significantly, without altering the total ERK and CREB levels ( Fig. 4C-J) . As an alternative approach, we conducted Western blotting by treating with BTA-EG6 or control in primary cortical neurons and found that BTA-EG6 significantly increased the levels of RasGRF1 and p-ERK (Fig. 4K-N) . We also found that BTA-EG6 produced a trend toward increased p-CREB, but did not alter the levels of ERK and CREB ( Fig. 4M-P) .
To further confirm that BTA-EG6's effect on dendritic spine formation is Ras-dependent, we conducted a RasGRF1 knockdown experiment by transfecting primary hippocampal neurons (DIV21) with GFP and RasGRF1 shRNA, or GFP and pLL3.7 (i.e., an empty vector control for shRNA). After 24 h, cells were treated with BTA-EG6 (5 μM) or vehicle, and dendritic spine number was measured. When treated with BTA-EG6, dendritic spine number was significantly increased compared to vehicle treatment (Fig. 5A-B) . Knockdown of RasGRF1 by itself significantly decreased dendritic spine number. Importantly, BTA-EG6 treatment failed to enhance dendritic spine number in the absence of RasGRF1 (Fig. 5A-B) .
Additionally, we found that overexpression of dominant negative mutant RasN17 prevented the effects of BTA-EG6 on dendritic spine formation (Fig. 5C-D) . These results demonstrate that the underlying mechanism of BTA-EG6 in increasing dendritic spine number is Ras pathway dependent.
BTA-EG6 increased the puncta density of CaMKIIa
Previous studies have demonstrated that CaMKII is implicated in dendritic spine formation and NMDA receptor signaling [27] as well as long-term memory in AD mouse models [28] . We initially examined whether BTA-EG6 affected the levels of CaMKIIα and CaMKIIβ. For this experiment, primary hippocampal neurons were transfected with GFP (DIV19), and treated with BTA-EG6 (5 μM) or vehicle for 24 h. We then conducted immunostaining with CaMKIIα antibody and found that BTA-EG6 significantly increased the puncta density of CaMKIIα (Fig. 6A-B) . In addition, we found that BTA-EG6 treated primary cortical neurons significantly increased the levels of CaMKIIα (Fig. 6C-D) by Western blotting. However, BTA-EG6 did not alter the puncta density of CaMKIIβ (Fig. 6E-F) . These results suggest that BTA-EG6 effects may involve CaMKIIα to alter spinogenesis.
BTA-EG6 does not affect the Rap signaling pathway
Previous studies have shown that defects in Rap signaling may be related to neurodegenerative diseases such as AD by stimulating the synaptic removal of AMPA receptors [29] [30] [31] . To investigate whether the molecular mechanism of BTA-EG6 is also Rap-dependent, primary hippocampal neurons (DIV21) were transfected with GFP (DIV19), and treated with BTA-EG6 (5 μM) or vehicle for 24 h. After 24 h, we conducted immunostaining with antibodies for the downstream products of Rap signaling pathway, including phosphorylation of c-Jun. N terminal kinases (JNK) (Fig. 7A-B) , JNK (Fig. 7C-D) , spine-associated Rap guanosine triphosphatase-activating protein (SPAR) (Fig. 7E-F) , and p38 ( Fig. 7G-H) , and measured their levels of expression. We also conducted Western blotting by treating with BTA-EG6 or vehicle in primary cortical neurons and confirmed that BTA-EG6 did not alter the protein levels of p-JNK and JNK (Fig.7I-K) . The results showed that none of the downstream proteins of Rap signaling pathway was affected by BTA-EG6 (Fig. 7A-K) . This result suggests that the BTA-EG6 may not affect the expression of Rap and or the downstream signaling pathway of Rap.
BTA-EG6 alters the levels of Cdc42, CDK5, and Shank
We examined whether BTA-EG6 can alter the levels of other spinogenesis-related proteins. For this experiment, primary hippocampal neurons were transfected with GFP (DIV19), and treated with BTA-EG6 (5 μM) or vehicle for 24 h. After 24 h, we conducted immunostaining with cell division control protein (Cdc42), protein kinase C (PKC), cyclindependent kinase (CDK5), Shank, or SynCAM antibodies, and measured their levels of expression. The results show that treatment with BTA-EG6 significantly increases the levels of Cdc42 (Fig. 8A-B) , CDK5 ( Fig. 8C-D) , and Shank ( Fig. 8G-H) . However, BTA-EG6 treatment did not affect PKC (Fig. 8E-F) and SynCAM levels ( Fig. 8I-J) . These data suggest that BTA-EG6 alters spinogenesis with a potential involvement of Cdc42, CDK5, and Shank.
Discussion
We have previously demonstrated that BTA-EG4 increases dendritic spine number via Ras-mediated signaling, and that BTA-EG4-injected wild-type mice have higher dendritic spine number with increased puncta number of synaptophysin and PSD-95 [10] . In the present study, we have examined the spinogenic activity of BTA-EG6, an analog of BTA-EG4 with an increased solubility in aqueous solutions. Using primary hippocampal neurons, we found that BTA-EG6 can significantly promote dendritic spine formation at the peak of synaptogenesis (DIV14) as well as in mature neurons (DIV21). We also found that BTA-EG6 significantly increases the puncta densities of synaptophysin and PSD-95 more effectively during development compared to after maturation; this finding suggests that BTA-EG6 may affect functional synapses. Moreover, our results suggest that BTA-EG6 promotes spinogenesis through RasGRF1-Ras signaling pathway.
Additionally, we previously established that BTA-EG4-injected wildtype mice do not show a change in either total or surface level of NMDA or AMPA receptor subunits [10] . However, in the present study, BTA-EG6 increased the cell surface level of AMPA receptors in vitro. This difference in the effects of BTA-EG4 and BTA-EG6 on the levels of AMPA receptors is interesting. This discrepancy may be due to the fact that BTA-EG6 experiments conducted here were primarily in vitro and BTA-EG6 has more hydrophilic character than BTA-EG4 [12] .
In order to investigate into the molecular mechanism of BTA-EG6, we examined whether a Ras signaling pathway would be involved; a Ras signaling cascade was previously shown to be altered upon BTA-EG4 treatment [10] . Here, we found that BTA-EG6 affects the level of Ras signaling proteins and alters spine number in a Ras-dependent manner. Further, we examined whether BTA-EG6 can alter the downstream molecules of the Ras signaling cascade, such as CaMKIIα and CaMKIIβ [32, 33] . Interestingly, we found that BTA-EG6 significantly alters the puncta number of CaMKIIα, but not of CaMKIIβ, suggesting that BTA-EG6 may selectively recruit CaMKIIα to promote spinogenesis.
We then investigated whether BTA-EG6 involves other signaling pathways to affect dendritic spine number. Therefore, we analyzed the effects of BTA-EG6 on Rap signaling proteins, which are known to be implicated in dendritic spine retardation. In addition, a Rap effector, JNK, was previously shown to be involved in AD, where AD patients have increased JNK activity [34, 35] . Similarly, p38 has been shown to be associated with increased amyloid deposition in AD mouse models [36] . Furthermore, SPAR, one of the PSD proteins that interact with PSD-95, has been suggested to function as a spine regulator [18] . Upon investigation into these Rap signaling proteins, we found that BTA-EG6 does not affect the levels of Rap signaling molecules, including p-JNK, p38, and SPAR. These results suggest that BTA-EG6 regulates dendritic spine formation possibly via a Rap-independent mechanism.
Upon establishing the specific involvement of Ras signaling cascade, we furthered our investigation to elucidate other target proteins on which BTA-EG6 exerts its effects. We hypothesized that BTA-EG6 would require other spinogenesis-related proteins to promote spinogenesis. To test this hypothesis, we examined the levels of CDK5, which has been shown to be associated with the risk of AD [37] , and the hyperactivity of which results in the production of Aβ aggregates [38] . We also looked into Cdc42, which plays an important role in neuronal morphology [39] . Interestingly, we observed that BTA-EG6 significantly affects the level of these two proteins, suggesting that BTA-EG6 may regulate the distribution pattern and expression levels of CDK5 and Cdc42 to affect dendritic spine number.
The mechanism through which BTA-EG6 regulates Ras signaling proteins as well as other spinogenesis-related proteins has not yet been firmly established. One possible explanation involves the interaction between Aβ aggregates and the Ras signaling pathway. It has been reported that Aβ inhibits the activity of Ras to regulate spinogenesis [40] . BTA-EG6 may bind Aβ and neutralize Aβ toxicity and, in turn, block the effects of Aβ on Ras activity to alter spinogenesis as well as synaptic function. Future studies using an AD model mouse may help examine the effect of amyloid-β on the spinogenic effects of BTA-EG6. Another possible explanation revolves around the possibility that BTA-EG6 may bind amyloid precursor protein (APP) and affect dendritic spine formation. Lastly, it is still unclear whether the interaction between BTA-EG6 and Cdc42 and CDK5 alters dendritic spine density directly or indirectly. Here, we have mainly focused on the effects of BTA-EG6 on dendritic spine formation and its underlying molecular mechanism using in vitro systems. Further in-depth studies with experiments in vivo are in progress in order to examine the differences between the effects and efficacy of BTA-EG4 and BTA-EG6 and to clearly elucidate the underpinning molecular mechanism.
Together, our results are the first to demonstrate that a BTA-EG4 analog, BTA-EG6, significantly increases spinogenesis through a RasGRF1-ERK signaling pathway with potential involvement of CaMKIIα, Cdc42, and CDK5. Overall, our results shed light on another promising compound for enhancing neuronal and synaptic function in the normal brain and reveals potential therapeutic applications for AD.
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